New six mixed ligand complexes have been synthesized from bis(2,4,4-trimethylpentyl) dithiophosphinic acid (C 16 H 35 PS 2 ) and 2,2′-bipyridine (C 10 H 8 N 2 ) with various metal(II) ions. The molecular formula of the mixed ligand complexes were [Mn(C 16 (5) and [Cd(C 16 H 34 PS 2 )(C 10 H 8 N 2 )]CI (6). These mixed ligand complexes have been characterized by various physico-chemical techniques such as melting point, molar conductance, magnetic susceptibility measurements as well as UV-Vis, FT-IR, TG and mass spectroscopic analyses. The surface morphology of ligand (2,2′-bipyridine) and synthesized mixed ligand complexes were determined by scanning electron microscope (SEM). The magnetic moment value, color as well as spectral measurements have been suggested that the geometry of the mixed ligand complexes was tetrahedral. The spectral data has been showed that bis(2,4,4-trimethylpentyl)dithiophosphinic acid and 2,2′-bipyridine ligands were acted as uninegative and neutral bidentate ligand, respectively. The complex 5 was found to have better scavenging activity against 2,2-diphenyl-1-picrylhydrazyl. The complex 3 was showed very good antibacterial activity against Clostridium botulinum as compared to standard drug, imipenem. Moreover, the complex 5 also displayed good antifungal activity against Aspergillus niger.
bond strength. BDTPA has been widely used as reagent for the extraction of trace metals in sample 1 . N,N'-chelating heterocyclic ligand, 2,2'-bipyridine is a Lewis base, metal-coordinating, electron-deficient aromatic system which can undergo π-π stacking interactions as π-acceptors 2 . This bidentate ligand readily form complexes with most of the transition metal ions and can help in stabilizing metal atom in very low formal oxidation state 3, 4 . The diimine ligand, 2,2'-bipyridine has been used extremely in the complexation of metal ions due to its strong redox stability, ease of functionalization, excellent chelating property and diverse structural feature 5, 6 . It is widely used in coordination chemistry, supramolecular and macromolecular chemistry 7 . In a complex where two or more different ligands are present, then the complex is said to be mixed ligand complex 8 . Mixed ligand complexes of S and N-chelating ligands have attracted considerable attention because of their interesting physico-chemical properties and their use as models for metalloenzyme active sites 9 . Mixed ligand complexes based on dinitrogen chelating ligand have been extensively studied due to their potential applications in biological field, photochemistry 5, 10 , catalyst for the hydrolysis of phosphate ester, synthesis of crown ester 10 , antioxidants 11 , herbicides, solar energy conversion, colorimetric analysis 12 , DNA binding and cleavage studies 4 . Numerous metal complexes with 2,2'-bipyridine as a ligand or mixed with other ligands were reported 5, [12] [13] [14] . As a continuation of research in this area, we report herein the synthesis, characterization, thermal and antimicrobial study on mixed ligand complexes with bis(2,4,4-trimethylpentyl)dithiophosphinic acid and 2,2'-bipyridine. The mixed ligand complexes were found to have the general formula [M(C 16 H 34 PS 2 ) (C 10 H 8 N 2 )]Cl (M= Mn(II), Fe(II), Co(II), Cu(II), Zn(II) or Cd(II)).
ExPERIMENTAL

Materials and methods
All chemicals were purchased from Merck & Co. as well as Sigma Aldrich and used without further purification. FT-IR spectra were recorded on an IR Affinity 1S spectrophotometer, Shimadzu, Japan with samples prepared as KBr pellets, in the 400-4000 cm -1 range. Electronic spectra of the compounds were recorded using a T60 UV-Vis spectrophotometer (PG Instruments, UK) programmed with Win5 software, version 5.1. The mass spectra were measured on a JEOL-JMS-D300 spectrometer. Thermal decomposition was carried out using a TG 60, Shimadzu, at a heating rate of 10 0 C min -1 from room temperature to 800 0 C under nitrogen gas. Magnetic susceptibility and molar conductance measurements were acquired on a magnetic susceptibility balance (Sherwood Scientific, UK) and an EcoScan CON 5 conductivity/temperature meter (Eutech Instruments, Singapore, Serial No. 101886), respectively. Particle size and surface morphology were performed using a JEOL, JSM-6360 LV with energy-diffusive X-ray spectroscopy JEOL, JED-2300. The antioxidant activity of the mixed ligand complexes was carried out by DPPH method 15, 16 . The antimicrobial activities were screened against some selected bacteria and fungi species using disc diffusion method [17] [18] [19] .
Preparation of mixed ligand complexes
An ethanolic solution of 1 mmol of metal(II) chloride was stirred with an ethanolic solution of 2,2′-bipyridine (1 mmol ) and 0.322g of bis(2,4,4-trimethylpentyl)dithiophosphinic acid (1 mmol ) was added. Then the resultant mixture was stirred for 30 min. and refluxed for about 1h. The precipitated metal complexes were isolated and washed with hot ethanol. The metal complexes were recrystallized from ethanol and dried under vacuum over anhydrous calcium chloride at room temperature.
RESULTS ANd dISCUSSION
Molar conductivity and nature of species
The molar conductance values of metal complexes were found to be in the range 74-97 ohm (Table 1) suggesting 1:1 electrolyte. The complexes have been showed an ionic in nature due to the presence of one chloride ion in the outside of coordination sphere 3, 20, 21 . Melting point gives primary information about the formation of complex. The higher melting point of the obtained complexes (171-225 o C) were indicated the formation of metal complexes 22, 23 . The sharp melting point was also indicated the purity of metal complexes. Mixed ligand complexes were soluble in most common solvents like dichloromethane, acetonitrile, chloroform, DMF and DMSO. The experimental physico-chemical data of the metal complexes were in good agreement with the proposed structural formula. 
) of ligands and their metal complexes
Ligand/complex ν(C=N) ν(P=S) ν(S-H) ν(M-S) & ν(M-N)
IR spectra and mode of bonding
The infrared spectra gives important information about the nature of functional groups and binding mode of ligand to metal ion in complexes. The characteristic absorption bands in the IR spectra were represented in Table 2 . A medium strong band at 1577 cm -1 was attributed to stretching mode of the C=N in 2,2'-bipyridine 24, 25 . This band was shifted to lower frequency (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) in the complexes which clearly indicated the coordination of the two nitrogen atoms with metal ion. The new peaks in the region 502-513 cm -1 can be assigned to asymmetric stretching M-N in metal complexes proving the coordination of the 2,2'-bipyridine as bidentate ligand 24, [26] [27] [28] [29] . The free bis(2,4,4-trimethylpentyl) dithiophosphinic acid was showed a medium band at 2638 cm -1 for ν(S-H) vibration 30 . This band was found to have disappeared in respective complexes confirming the coordination of sulfur atom with metal ion via deprotonation. A medium band of ν(P=S) was observed at 637 cm
. This band was shifted to lower frequency (20-47 cm -1 ) in metal complexes. Due to the donation of electrons, sulphur atom of thiophosphoryl group was coordinated to metal ions. In addition, the weak peak in the region of 415-419 cm -1 was assigned to stretching vibrations of M-S bond confirming the coordination of sulfur atoms of bis(2,4,4-trimethylpentyl)dithiophosphinic acid with metal ion as uninegative bidentate fashion 1, 32 .
Electronic spectra and magnetic properties
The electronic spectra provide feasible indication about the ligand arrangement in metal complexes. It also distinguishes among the square-planar, tetrahedral and octahedral geometries of complex. Magnetic moment value gives reliable information about paramagnetic or diamagnetic nature as well as geometry of complex. Color further assists to find out the correct geometry of the complexes 33 . The ligand, 2,2'-bipyridine was showed two bands at 230 nm and 275 nm, which ascribed to transitions π→π* and n → π*, respectively. An absorption peak of BDTPA was exhibited at 260 nm and 290 nm, which assigned to π →π* and n → π* n → π* transitions, respectively. These bands were shifted in the spectra of metal complexes, which is an evidence of coordination of ligand to metal ions 34 . Electronic spectral data, color and magnetic moment values of the test compounds are listed in Table 3 . Complex 1 was exhibited one absorption band at 570 nm which assigned to 6 A 1 → 4 T 1 transition due to tetrahedral geometry. The magnetic moment and green color of the complex are an additional evidence for tetrahedral structure 35, 36 . The high-spin complex 2 was showed a weak band at 539 nm owing to 5 T 2 → 5 E transition. In addition, the magnetic moment value as well as yellow color of the complex were ascribed for tetrahedral geometry 37, 38 . The four coordinated complex 3 was displayed two peaks at the range 552-645 nm which are closer and assigned to 4 A 2 (F)→ 4 T 1 (P) transition. The magnetic moment value and blue color of the complex are consistent with tetrahedral stereochemistry [39] [40] [41] . Complex 4 was exhibited one absorption band at 624 nm which assigned to 2 T 2 → 2 E transition due to tetrahedral geometry 42 . This d-d transition is usually of low molar absorptivity and not greater than 100 L.mol -1 .cm -1 42 . The magnetic moment and orange color of the complex are an additional evidence for tetrahedral structure [43] [44] [45] . 41 . Magnetic moment value of the complexes was showed that complex 1 to 4 were paramagnetic while complex 5 and 6 were diamagnetic in nature.
Thermal analysis
Thermogravimetric analysis is a powerful tool to confirm both the composition and stability of the complexes. Table 4 and Fig. 1 
FAb-mass spectra
The data of mass spectroscopic analysis are presented in Table 5 . The molecular ion peak of metal complex 1-6 was appeared in the FAB mass spectra at m/z = 570.1, m/z = 571.1, m/z = 573.9, m/z = 577.9, m/z = 578.8 and m/z = 626.2, respectively. Moreover, the complexes (1-6) were showed another characteristic peak at m/z = 535.1, m/z = 536.2, m/z = 538.9, m/z = 542.9, m/z = 543.8 and m/z = 591.2, respectively due to the loss of one chloride ligand 48 . Both molecular ion and characteristic peak of metal complexes were in good agreement with their assigned molecular formula. This further confirmed that the mixed ligand complexes were 1:1 ratio as well as mononuclear composition.
Scanning electron microscopy
The surface morphology is one of the characteristics of solid materials. The scanning electron microscope (SEM) uses to evaluate the morphology and particle size of sample. A beam of high-energy electrons of scanning electron microscope creates a variety of signals from the surface of solid matter. These signals provide information about the image of the shape, size of the particles, ductility of substances, strength of materials and how the atoms are arranged in an object. The scanning electron microscope can be as essential tool in metallurgy, forensic science, gemology as well as medical science. From the SEM photographs, the morphology of ligand 2,2'-bipyridine was homogeneously distributed in solid powder. On the other hand, morphology of respective metal complexes was not uniformly distributed and exhibited different structures. The SEM micrographs have been showed that the complexes 1, 2 and 6 were found to be flower like structure. Besides, complexes 3, 4 and 5 were showed small stone like structure.
Antioxidant activity
Free radicals generate during normal cellular function in body system. Free radicals (such as superoxide anion, hydroxyl radical and hydrogen peroxide) are very reactive because of that they interact with proteins, lipids and nucleic acids, may produce various chronic diseases. Therefore, to obstruct the free radical damage in body system, it is important to control drugs that may be rich in antioxidants. Antioxidants have the ability to scavenge free radicals or terminate chain reactions. They play an important role in repairing cellular damage and preventing various human diseases. The scavenging free radical ability of metal complexes is an important property 34, 49 . Recently to protect the resultant damage, numerous natural and synthetic free radical scavengers have been developed and studied 22, 49 . The newly synthesized mixed ligand complexes were investigated for their antioxidant properties by DPPH radical scavenging method. 1,1-diphenyl-2-picrylhydrazyl (DPPH) shows a strong absorption band at 517 nm due to its odd electron. An antioxidant reacts with it and produces stable 1,1-diphenyl-2-picrylhydrazine. As a result, the band intensity of DPPH decreases 50 . Table 6 demonstrates the free radical scavenging activity of metal complexes and BHT. The decreasing absorbance as well as the lower IC 50 value indicate the higher antioxidant activity of test compounds 51, 52 . Only the IC 50 value of test compounds in descending order was 6 > 4 > 1 > 2 > 3 > 5 > BHT. The complex 5 was found to have better scavenging activity as compared to the standard antioxidant, BHT. The free radical scavenging activity of complex 3 was higher than that of complex 2. In addition, complex 1, 4 and 6 were showed poor scavenging activity as compared to the standard antioxidant. 
Antibacterial and antifungal activity
T h e a n t i m i c r o b i a l a c t i v i t y o f t h e complexes are presented in Table 7 . Both bis(2,4,4-trimethylpentyl)dithiophosphinic acid and 2,2'-bipyridine ligands did not show any activity against test microorganisms. The complex 3 was exhibited very good antibacterial activity against Clostridium botulinum as compared to standard, imipenem. On the other hand, complex 1, 2, 3 and 4 were showed moderate activity against Staphylococcus aureus and Bacillus subtilis. The remaining metal complexes were showed low activity against all bacterial strains. In the case of antifungal study complex 5 was found to be good activity against Aspergillus niger as compared to standard drug, fluconazol. Besides, complex 3 was exhibited moderate activity against Aspergillus flavus and Lecanicillium fungicola. The biological activity of metal complexes depend on the molecular structure, number of chelate rings, polarity of metal complexes, etc. Only lipid soluble substances can pass through the lipid membrane of microorganism. In the present study some mixed ligand complexes were showed less activity due to the lower lipophilicity of the complexes. Because of that the metal complexes could neither block nor inhibit the growth of the microorganisms. While some mixed ligand complexes were displayed greater activity than ligands. The increasing activity of mixed ligand complexes can be explained by chelation theory 33 . The lipophilic nature increases in mixed ligand complexes due to chelation. Therefore, the chelation could increase the ability of metal complex to penetrate through the lipid membrane of test microorganism. 
CONCLUSION
Six new mixed ligand complexes have been successfully synthesized and characterized by various physico-chemical techniques. Based on the experimental data the bis(2,4,4-trimethylpentyl) dithiophosphinic acid was acted as uninegative bidentate ligand. All complexes were showed 1:1 electrolyte in nature. Magnetic moment, color, electronic spectral data, mass and TG observation have been suggested that the geometry of metal complexes were tetrahedral. Thermally the mixed ligand complexes were highly stable.
